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Abstract
We investigate spin pumping and the effective spin mixing conductance in heterostructures based
on magnetic oxide trilayers composed of La0.7Sr0.3MnO3 (LSMO), LaNiO3 (LNO), and SrRuO3
(SRO). The heterostructures serve as a model system for an estimation of the effective spin mixing
conductance at the different interfaces. Our results show that by introducing a LNO interlayer be-
tween LSMO and SRO, the total effective spin mixing conductance increases due to the much more
favourable interface of LSMO/LNO with respect to the LSMO/SRO interface. Neverheless, the
spin current into the SRO does not decrease because of the spin diffusion length of λLNO ≈ 3.3 nm
in the LNO. This value is two times higher than that of SRO. Our results show the potential of
using oxide interfaces to tune the effective spin mixing conductance in heterostructures and to
bring novel functionalities into spintronics by implementing complex oxides.
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I. INTRODUCTION
The current research on charge-to-spin current conversion effects such as the spin-Hall
effect (SHE) offers great potential for applications in the field of spintronics and spin-
orbitronics1,2. Among many studies on magnetic metallic and dielectric materials for the
most efficient charge-to-current conversion, oxides have attracted less attention. However,
incorporating oxides into the spin current research field can be advantageous due to their
tremendous variety of properties (e.g. electronic transport, magnetism) that can be tuned
by deposition parameters (e.g. stoichiometry, O2 pressure, strain) and that depend on the
operation conditions (e.g. temperature, magnetic and electric fields). Furthermore, many
oxide materials have commensurate lattice constants with perovskite-like structure that al-
low for very smooth interfaces in oxide heterostructures and hence can lead to well-defined
properties at these interfaces.
In this paper, we investigate spin pumping and we calculate the effective spin mixing con-
ductance at low temperatures in LSMO/LNO/SRO heterostructures. LSMO is a prominent
oxide material with a rich phase diagram 3. We use La1−xSrxMnO3 (LSMO) with x= 0.3
where a ferromagnetic metallic phase up to 370 K in bulk material 3 is observed. Also,
the inherently bad-metallic 4 oxide SRO, shows a paramagnetic to ferromagnetic transi-
tion around 155 K 5. LNO, contrary to all other rare earth (R) nickelates RNiO3 with a
metal-insulator transition 6, is known to remain in a paramagnetic conducting phase even
at low temperature. Previous studies on the spin pumping and the inverse spin-Hall effect
in La0.7Sr0.3MnO3/SrRuO3 (LSMO/SRO) bilayers
7 have shown that SRO layers were act-
ing as a spin sink exhibiting an ISHE which is similar in magnitude to that of Pt but of
opposite sign. Recently, Ghosh et al. 8 proved the Kondo effect and a quite strong magne-
toresistance in LSMO/LNO/SRO trilayers using ferromagnetic resonance (FMR) at room
temperature. Here, we demonstrate the influence of a LNO interlayer between LSMO and
SRO on the effective spin mixing conductance of the different interfaces. The spin mixing
conductance g↑↓ is one of the key concepts in the spin current transport through interfaces 9
since it describes the transport of spins at the interface between a ferromagnet and a second
layer made from a different material. It should be noted that according to Tserkovnyak et
al. 9 g↑↓ only includes the transmission of said interface which is only a valid approach if
the second layer exhibits very strong spin scattering. For a full description additional layer
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properties need to be taken into account, which is typically done using an effective spin
mixing conductance g↑↓eff instead of g
↑↓. A large g↑↓eff means a large spin current and if the
difference in chemical potential of spin-up and spin-down in the ferromagnet is caused by
ferromagnetic resonance, as in spin pumping experiments, it also means a larger damping
of the resonance. However, the estimation of the spin mixing conductance in spin pumping
experiments for magnetic/non-magnetic layer systems is not trivial. Usually the calculation
is done by measuring the increase in damping and comparing it to the characteristic value of
a single uncapped magnetic layer without the spin sink. This uncapped layer acts as a refer-
ence sample with no losses due to spin pumping. However, in most of the metallic magnetic
layers a capping layer is needed. The capping can largely modify the damping properties
of the magnetic layer, a fact that cannot be correlated to the investigated spin pumping.
Furthermore, different factors can influence the estimation of the increase in damping like,
for example the emergence of a finite magnetic polarization in the non-magnetic layer (NM)
in contact with a ferromagnetic layer 10,11, the spin memory loss effect 12 or the two-magnon
scattering effect 13. This is the reason why in experiments typically g↑↓eff is determined. In our
study no capping layer is needed because the bare LSMO reference layer is stable in air. Our
work focuses on the estimation of g↑↓eff in an oxide trilayer system. Previous experiments in
which spin pumping through oxide interlayers was investigated showed different results. For
some oxides 14 the spin pumping efficiency was reduced while for NiO 15 the spin pumping
efficiency and the inverse spin-Hall effect were increased. In our experiments we observe
that the presence of an LNO interlayer increases the damping and as a consequence also g↑↓eff.
We derive the spin diffusion length for the interlayer LNO, as well as the effective spin mix-
ing conductance for our trilayers. Magnetization and Curie-temperatures are measured by
SQUID magnetometry and the samples are structurally characterized by X-ray diffraction
and transmission electron microscopy to confirm the interface quality.
II. SAMPLE FABRICATION
The heterostructures are deposited on (001)-oriented strontium titanate SrTiO3 (STO)
substrates, which are TiO2-terminated by wet etching and annealing
16. The deposition is
done in a copper-sealed PLD chamber with a background pressure lower than 4·10−8 mbar.
For deposition an excimer laser with a wavelength of 248 nm is used. The laser fluency is
3
Name LSMO LNO SRO Pt
[nm] [nm] [nm] [nm]
R1 40
R2 40 13
R3 40 3
S1 40 0 6
S2 40 1.8 6
S3 40 3 6
S4 40 6 6
S5 40 9 6
S6 40 11 6
S7 40 23 6
TABLE I. Prepared layer stacks. The given thicknesses are nominal values.
chosen as 2.3 J cm−2 per pulse and the repetition rate as 2 Hz. An oxygen partial pressure
of 0.2 mbar for the LSMO (40 nm) and SRO (6 nm) layers, and 0.4 mbar for the LNO lay-
ers is applied. Deposition is done at a substrate temperature of 750 ◦C. After deposition
the heterostructure is cooled down at 5 K min−1. The heterostructure compositions and the
thickness of each layer are summarized in Table I. For a LSMO/Pt reference stack (sam-
ple R2) a 13 nm thick Pt layer is deposited via DC magnetron sputtering without breaking
the vacuum. The samples are cut afterwards into pieces with the size of 2× 5 mm2 to fit
into the SQUID magnetometer and the sample holder for FMR spectroscopy investigation.
For a better contact for ISHE measurements we deposited Ti(10 nm)/Au(150 nm), via lift-off
process, on the edges of the respective samples.
III. STRUCTURAL CHARACTERIZATION
For all samples structural characterization is done by X-ray diffraction and reflectom-
etry. For sample S3, also high resolution transmission electron microscopy (HRTEM) was
performed.
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FIG. 1. a) ω-2θ scan for the heterostructure LSMO(40 nm)/LNO(3 nm)/SRO(6 nm) (sample S3).
The red curve is a fit to the data. b) and c) Reciprocal space maps for sample S3 of the symmetric
(002) and the asymmetric (1¯03) peak, respectively. The heterostructure is fully strained.
For X-ray characterization we use a Bruker D8 diffractometer with focussed CuKα1 ra-
diation. For the detection a scintillation detector is used in an unlocked ω-2Θ scan of the
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(002) - reflection. Figure 1 a) shows, as an example, the results for sample S3. Simulations for
fully strained layers yield out-of-plane lattice constants of cLSMO = 3.858 A˚, cLNO = 3.730 A˚
and cSRO = 3.972 A˚ for our layer stacks. The dashed lines in Figure 1 a) mark the positions
of the respective peaks for fully pseudomorphic materials as a guide to the eye. According
to these results, diffraction peaks on the left hand side of the STO substrate (002) peak
(cubic lattice constant 17 aSTO,bulk = 3.905 A˚) must stem from SRO. On the right hand side
the diffraction peaks of the layers with smaller lattice constant, namely LSMO and LNO
appear. Due to the thinness of the LNO and SRO layers, only a prominent peak for the
LSMO layer is visible. The presence of thickness fringes indicates smooth interfaces. A sim-
ulation with thicknesses of dLSMO = 39.1 nm, dLNO = 2.5 nm and dSRO = 5.5 nm fits best the
ω-2Θ scan. The roughness of the surface and the interfaces calculated from X-ray reflectom-
etry measurements is below 0.3 nm for all heterostructures. In Figure 1 b) and c) reciprocal
space maps around the symmetric (002) and asymmetric (1¯03) reflections are shown. As all
layers have the same value for qx in the measurement around the asymmetric (1¯03) peak,
we can state that the heterostructure is fully strained and that the in-plane lattice constant
for LSMO, LNO and SRO is equal to aSTO = 3.905 A˚. The ω-2Θ scan (Figure 1 a)) is the
line scan along qx = 0 for the measurement around the symmetric peak (Figure 1 b)). For
sample S3 a HRTEM image is made with a JEOL JEM 4010 electron microscope at an ac-
celeration voltage of 400 kV. Figure 2 a) shows an image of the layer stack, which is cut in
the (010) direction (imaging is done along the (100) direction). LSMO grows epitaxially
with respect to the substrate and LNO is monocrystalline. For SRO the first monolayers are
also epitaxial but apparently the rest of the layer is polycrystalline, as several orientations
of the SRO crystal can be seen (Figure 2 b)). The interfaces are smooth and a very low
interface roughness (< 0.4 nm) is observed. The thicknesses shown in Figure 2 a) match well
the nominal thicknesses and the determined values from X-ray diffraction. We can thus
estimate a deviation of less than 0.5 nm from the nominal thicknesses listed in Table I.
IV. SQUID MAGNETOMETRY
The magnetic characterization of samples R1, R3, and S3 is done with a Quantum Design
SQUID VSM magnetometer. Here we measure cooling curves and hysteresis loops for an
LSMO/LNO (R3) layer stack and compare the results to the measurements for a bare LSMO
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FIG. 2. HRTEM measurement for sample S3 STO/LSMO(40 nm)/LNO(3 nm)/SRO(6 nm). The
interfaces are smooth and LSMO and LNO appear monocrystalline while for SRO several crystal
orientations can be seen.
layer (R1). For the investigation of the ferromagnetic phase transition of SRO we addition-
ally measure an LSMO/LNO/SRO heterostructure (S3). The cooling curves (Figure 3 a))
are measured at an external field of 1 mT along the (110) direction of LSMO, which is the
magnetic easy axis (according to our FMR experiments). The Curie temperature of LSMO
for all samples is between 333 - 350 K, which is slightly lower than the value of 370 K for bulk
material 18. The drop of the magnetization below 105 K for sample S3 and R1 as well as the
kink in the cooling curve of sample R3 at 105 K can be explained with the structural phase
transition from cubic to tetragonal structure of the STO substrate at T≈ 105 K 19–21. Angu-
lar dependence of the resonance field suggests a change in magnetic anisotropy of LSMO due
to the phase transition of the STO (not shown here), which hence leads to a change in the
measured magnetic moment. The kink at 135 K for sample S3 likely marks the ferromagnetic
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phase transition of SRO (TC = 155 K for bulk material
5,7). In Figure 3 b) hysteresis loops
for samples R1, R3 and S3 are shown. The measurements are done with zero-field cooling,
as this is also the way the FMR experiments are done. Here the respective coercive fields for
all three layer stacks are comparable and we do not observe any exchange bias in contrast to
Guo et al. 6 who found that bulk LNO becomes antiferromagnetic below 157 K if fabricated
under certain deposition conditions and Sanchez et al. 22 and Peng et al. 23 who reported an
exchange bias in LSMO/LNO bilayers below 50 K and 100 K, respectively.
FIG. 3. a) Cooling curves for a bare LSMO (sample R1 blue), a LSMO/LNO (sample R3 red) and
LSMO/LNO/SRO (sample S3 black) heterostructure, respectively. The kink at 135 K likely relates
to the phase transition of the SRO to the ferromagnetic state. b) Hysteresis loops of the three
samples. The coercive fields are symmetric around zero for all samples
V. FERROMAGNETIC RESONANCE AND SPIN PUMPING
FMR measurements and the investigation of the ISHE are performed in a cryostat at
190 K which, as shown previously, is below the TC of LSMO and above the TC of SRO,
in order to achieve spin pumping from a ferromagnetic into two paramagnetic layers. In
addition, the choice of 190 K prevents a vanishing ISHE in SRO as was observed at lower
temperature by Wahler et al. 7. A RF current through a coplanar waveguide generates
the necessary excitation field for FMR. To saturate the sample magnetization a rotatable
8
electromagnet generates a homogeneous external magnetic field aligned along the waveguide
and along the (010) direction of LSMO (in-plane, φ = 0◦), which is shown in Figure 4 a).
For measuring FMR, a continuous-wave signal at constant frequency f in the range of 4 -
FIG. 4. a) Measurement geometry for the FMR investigation. b) Resonance frequency in depen-
dence of the resonance field. The lines are fits to Kittel’s equation. c) FMR linewidth in dependence
of the resonance frequency. The lines are linear fits to estimate the damping parameter α.
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18 GHz is applied at a power of 10 dBm. The RF transmission is measured using a diode.
The external magnetic field is modulated with 0.2 mT amplitude at a frequency of 20 Hz
and lock-in technique is used to improve the signal-to-noise ratio.
The FMR field-swept measurements are fitted with a derivative of a Lorentzian function,
which yields the half-width at half maximum FMR linewidth 4HFMR and resonance field
HFMR
24. With Kittel’s equation 25:
f =
µ0γ
2pi
√
(Hres +Hani)(Hres +Hani +Meff) (1)
we derive the gyromagnetic ratio γ and the effective magnetization Meff from the dependence
between f and the resonance field Hres. µ0 and Hani are the vacuum permeability and the
anisotropy field, respectively. For γ/2pi and µ0Hani we derive values in the range of (27.5 -
28.5) GHz T−1 and (2.4 - 33.9) mT, respectively. Indicatively, the results for samples R1, S1
and S6 are shown in Figure 4 b). The damping parameter α can be derived from a linear fit
of the FMR linewidth 4HFMR plotted over the RF-frequency 26 f :
µ04HFMR = 2piαf
γ
+ µ04H0 (2)
where 4H0 is the inhomogeneous linewidth broadening. The values of α, 4H0, and Meff
for all our heterostructures are summarized in Table II and damping measurements for sam-
ples R1 and S1 - S7 are shown in Figure 4 c). In our experiments we see that the bare LSMO
film (sample R1) exhibits the lowest damping (αLSMO = 2.0 · 10−3). With any layer on top
of LSMO that can act as a spin sink, the damping increases significantly, showing that the
spin sink layers introduce additional channels for loss of angular momentum. Figure 5 a)
shows the dependence of the damping as a function of the LNO interlayer thickness for
samples S1 - S7. The increase of damping in the heterostructures can be understood as the
generated spin current carries angular momentum from the ferromagnet (FM) into the non-
magnetic interlayer (NM1) where it is either lost to the lattice by spin flip or diffuses further
into the final spin sink (NM2). Due to conservation of angular momentum a torque will
force the magnetization to decrease the precession angle and with this increase the damp-
ing of the FM. But no clear trend of the damping in dependence of the LNO interlayer
thickness can be observed here. Only when we do a full calculation of the effective spin
mixing conductance from equation (3) using the extracted Ms ≈Meff from equation (1) and
αsp = αsample − αLSMO the dependence becomes visible. The derived values of g↑↓eff in the
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FIG. 5. a) Damping and b) effective spin mixing conductance in dependence of the interlayer
thickness in LSMO/LNO/SRO trilayers. The red line in b) is a fit to the shown data and equation 5.
The fit reveals a spin diffusion length of λLNO = 3.3 nm.
LSMO/LNO/SRO trilayers are depicted as a function of the LNO thickness in Figure 5 b),
showing a clear increase with LNO thickness and saturating at ≈ 1.45 · 1020 m−2 for approx.
9 nm LNO interlayer thickness. In order to interpret our following experiments it is nec-
essary to understand the effective spin mixing conductance in a trilayer system which has
several contributions that may even influence each other. The spin mixing conductance g↑↓
introduced by Brataas et al. 27 and Tserkovnyak et al. 9 only quantifies the spin transmission
through the interface between the ferromagnet (FM) and the adjacent non-magnet (NM).
To simplify a further discussion we rename g↑↓ to g↑↓FM/NM. The quantity g
↑↓
FM/NM does not
take into account properties of the non-magnet like conductivity or spin diffusion length.
Only in the case where spins entering the NM layer are immediately flipped, this spin mixing
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conductance alone needs to be considered for the additional damping by spin pumping as
done by Tserkovnyak et al. 9. Starting from a bilayer system with immediate spin flip we
consinder a model for the spin mixing conductance which is shown in Figure 6 a). As soon
as a spin accumulation appears in the non-magnet the spin flow through the spin mixing
conductance is reduced and the spin current is no longer defined by g↑↓FM/NM but by g
↑↓
eff.
In an equivalent circuit (Figure 6 b)) this can be implemented by adding a resistance Rsf,NM
between the spin accumulation (µ↑ and µ↓) in the non-magnet which represents the spin flip,
necessary to accomodate the steady state of one spin direction flowing into the non-magnet
and the other flowing back. Only for immediate and complete spin flip this resistance is a
short circuit leading back to g↑↓eff = g
↑↓
FM/NM. For a finite resistivity σNM and finite spin diffu-
sion length λNM the effective spin mixing conductance can be calculated from the additional
damping in a bilayer system 28,29 for λNM  dNM:
αsp =
g↑↓effgLµB
4pidFMMs
(3)
with:
1
g↑↓eff
=
1
g↑↓FM/NM
+Rsf,NM
(gL: g-factor, µB: Bohr magneton and Ms: saturation magnetization, d: layer thickness)
where the magnitude of the resistance Rsf,NM depends on the spin flip time τSF of the NM
(λNM ∝ √τSF) and only for a thickness of the NM (dNM) much bigger than λNM it has the
fixed value of Rsf,NM ∝ λNM/σNM. For a thinner NM film the so called back flow needs to
be taken into account and the more complex expression 9
αsp =
[
1 + g↑↓FM/NM
τSFδSD
h tanh(dNM/λNM)
]−1
·
·
gLg
↑↓
FM/NMµB
4pidFMMs
(4)
for the additional damping in a bilayer system needs to be used. Here δSD is the energy level
between two scattering states. Equation 3 is the limiting case of equation 4 for large dNM.
In our experiments the limit of λNM  dNM is not yet reached and any addition of another
layer will further increase g↑↓eff. In case a third layer (NM2) is added, the interface between
NM1 and NM2 needs to be considered again in a similar way as for the first interface now
adding the spin transmission g↑↓NM1/NM2 to our picture (Figure 6 c)). And again we have to
take into account the layer properties of NM2 by adding Rsf,NM2. The resulting additional
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damping αsp in a trilayer system can according to Tserkovnyak et al.
9 be written as:
αsp =
[
1 + g↑↓FM/NM1
τSFδSD
h
·
·
1 + tanh(dNM1/λNM1)τSFδSDg
↑↓
NM1/NM2/h
tanh(dNM1/λNM1) + τSFδSDg
↑↓
NM1/NM2/h
]−1
·
·
gLg
↑↓
FM/NM1µB
4pidFMMs
(5)
It should be noted that also in this equation Tserkovnyak et al. 9 assume immediate spin
flip in the third layer so that for the third layer only the transmission through the interface
to the second one needs to be considered. For the limiting case of λNM1  dNM1 the third
layer should have no influence any more and indeed we find that in this limit the result
of equation 5 becomes identical to that of equation 4 only with λNM1  dNM1 replaced by
λNM  dNM.
It should be noted that the introduced model (Figure 6) does not include a spin flip at the
interface by scattering which would be associated with the so called spin memory loss 12.
The equivalent circuit might be extended to include this effect but this will be described
elsewhere.
For our measurements of the effective spin mixing conductance, shown in Figure 5 b), we
can fit the data to equation 5. SRO has a low spin diffusion length so the assumption of
immediate spin flip after entering the SRO is valid and only g↑↓NM1/NM2 for the LNO/SRO
interface, g↑↓FM/NM1 for the LSMO/LNO interface and the spin flip and resistance of the LNO
need to be taken into account. Here we consider g↑↓eff ∝ αsp. In most of the published
experiments the interlayer exhibits little spin flip while the spin sink (e.g. Pt) has a very
high spin mixing conductance. In this case we have g↑↓NM1/NM2 >
h
τSFδSD
and an increase in
thickness of the interlayer results in a decrease of the effective spin mixing conductance, as
for example in FM/NM1/Pt trilayer systems 9,29,30. For LNO apparently the spin diffusion
length is small, which combined with a large conductivity leads to g↑↓NM1/NM2 <
h
τSFδSD
and
we get an increase of the spin mixing conductance with increasing interlayer thickness. We
can fit the data with a spin diffusion length of λLNO = (3.3± 0.9) nm for LNO. Taking the
error bars of the measured data into account we can set a lower limit for λLNO at 1.7 nm.
We can now compare the different contributions to the effective SMC. When a 6 nm SRO
layer is put on LSMO (sample R1→ sample S1) the effective spin mixing conductance in-
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creases from 0 to 2 · 1019 m−2. Adding 3 nm of LNO onto LSMO (sample R1→ sample R3)
increases the effective spin mixing conductance from 0 to 9 ·1019 m−2. Thus we assume that
g↑↓ for LSMO/LNO is bigger than for LSMO/SRO. The ratio must even be more than 9:2
because we found that for 3 nm of LNO the spins are not yet flipped completely but some
backflow occurs. When SRO is added to the LSMO/LNO bilayer (sample R3→ sample S3)
the increase of g↑↓eff is even identical within the error bars to the transition from pure LSMO to
LSMO/SRO (sample R1→ sample S1). This leads to the following picture for all parts of g↑↓eff:
The interface contribution g↑↓LSMO/LNO is much larger than g
↑↓
LSMO/SRO for the LSMO/SRO
bilayer. g↑↓LNO/SRO is similar to g
↑↓
LSMO/SRO. Because of the extremely short spin diffusion
length in SRO we can consider the connection between spin-up and spin-down channel in
SRO as a short circuit, consistent with equation 5. The spin diffusion length in LNO is
comparable to the layer thickness so the spin-flip conductance 1/Rsf,LNO has a finite value.
However, from figure 6 b) it becomes clear, that just because of Ohm’s law, the values of
1/Rsf,LNO and g
↑↓
LSMO/LNO both must be larger than g
↑↓
eff of the LSMO/LNO bilayer (because
all three resistors are in series) and hence are also much larger than g↑↓LNO/SRO. In Figure 6 d)
this is depicted by the size of the different resistors (large g→ small R).
It is important to understand that the increase in g↑↓eff when a LNO interlayer between LSMO
and SRO is introduced is mainly due to the spin-flip and the large conductivity of LNO.
Even if the transmission through the LSMO/SRO interface were perfect (g↑↓LSMO/LNO →∞)
the insertion of the LNO layer would not increase g↑↓eff but mainly leave it constant because
we know that g↑↓LNO/SRO ≈ g↑↓LSMO/SRO. The increase only can occur if an additional spin
flip channel is created inside the LNO layer. It should be noted that also spin memory
loss at the LSMO/LNO interface might be a cause but the evident dependence of g↑↓eff on
the LNO thickness tells us otherwise. Our maximum values for the effective spin mixing
conductance are higher than the recently published values of Ghosh et al. 8, who estimated
the effective spin mixing conductance in LSMO/LNO/SRO trilayers at room temperature.
Most likely this is due to the increase in conductivity of the samples at lower temperature
which increases g↑↓sf,LNO.
Because g↑↓ is related to the Sharvin resistance 30 it is also understandable that its value
increases with conductivity of the spin sink and the number of available conducting channels.
This assumption is well in line with our results for sample R2 (LSMO/Pt) which has the
highest effective spin mixing conductance of all samples and the highest conductivity with
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FIG. 6. Schematic diagram of the effective spin mixing conductance. Due to the FMR a spin accu-
mulation is formed at the interface FM/NM which results in a splitting of the chemical potential
µ of ↑- and ↓-states a) Model circuit for the effective spin mixing conductance in a bilayer system
FM/NM in case of immidiate spin flip in the non-magnet. b) For finite spin diffusion length and
resistance in NM a spin flip resistance Rsf,NM has to be added. c) For trilayers FM/NM1/NM2
a second interface is generated with an additional spin sink NM2, which can be described us-
ing the interface transmission g↑↓NM1/NM2 and a second spin flip resistance Rsf,NM2. d) In our
LSMO/LNO/SRO trilayer g↑↓LSMO/LNO and 1/Rsf,LNO are both much larger than g
↑↓
LNO/SRO. This
is pointed out by the size of the corresponding resistors (large g→ small R).
a pure metal spin sink.
Finally, it should be noted that we also tried to measure the inverse spin-Hall effect
(ISHE) 31,32 in the different samples. We investigated the ISHE voltage for all fabricated
samples, by separating it from the anisotropic magnetoresistance effect 7,33–35 and thermo
voltages 36. The results, however, are inconclusive. For LSMO/LNO, no ISHE can be
detected within our measurement accuracy. Although for trilayer samples a small effect can
15
Sample Damping α/10−3 Meff/105 g
↑↓
eff/10
20
[A/m] [1/m2]
R1 2.0± 0.1 6.8± 0.1 -
R2 20.0± 3.0 6.9± 0.3 3.31± 0.53
R3 11.0± 1.0 3.8± 0.2 0.89± 0.15
S1 3.1± 0.4 7.5± 0.2 0.22± 0.04
S2 7.6± 1.3 6.7± 0.3 1.01± 0.22
S3 13.0± 2.0 4.1± 0.2 1.24± 0.24
S4 3.4± 0.3 7.5± 0.8 0.28± 0.16
S5 10.4± 1.7 6.4± 0.1 1.45± 0.28
S6 12.0± 2.0 5.2± 0.1 1.42± 0.27
S7 19.0± 1.9 3.2± 0.1 1.48± 0.21
TABLE II. Summarized results from FMR measurements
be detected, the ISHE is much smaller than for LSMO/SRO and shows no clear dependence
on the LNO thickness.
VI. CONCLUSION
We have shown that the insertion of a LNO layer between LSMO and SRO increases the
effective SMC. This effect can be linked to a highly transparent interface between LSMO and
LNO and a large spin flip in the highly conducting LNO. Thickness dependent measurements
indicate a spin diffusion length of approx. 3.3 nm which is still twice as long as shown for
SRO. 7 g↑↓ for LSMO/SRO and for LNO/SRO seem to be of similar magnitude. The increase
for the effective spin mixing conductance leads to increased damping, however, only the
outflow of spin current from the LSMO but not the inflow of spin current into the SRO is
increased.
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